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ABSTRACT 

A  series  of  nearly  simultaneous  drops  of  two  velocity  profilers 
was  made  at  the  Atlantic  Underwater  Test  and  Evaluation  Center  (AUTEC) . 
One  profiling  method  was  based  on  the  measurement  of  motional ly  induced 
electric  currents  by  an  expendable  device.  This  profiler,  the  Expend¬ 
able  Temperature  and  Velocity  Profiler  (XTVP) ,  was  compared  with  an 
acoustically  tracked  free-fall  device  operated  by  personnel  of  the  Johns 
Hopkins  University's  Applied  Physics  Laboratory.  Based  on  drops  sepa¬ 
rated  by  less  than  100  m  horizontally  and  about  50  minutes  in  time,  the 
two  sets  of  profiles  were  found  to  agree  within  about  1  cm/s  rms  for  east 
and  north  horizontal  velocity  components. 
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I.  INTRODUCTION 

In  early  May  1979,  an  experiment  was  conducted  at  AUTEC  for  the 
purpose  of  establishing  the  performance  of  the  XTVP  (Expendable  Tempera¬ 
ture  and  Velocity  Profiler).  Numerous  XTVP  profiles  were  obtained, 
separated  in  time  and  space  by  10  minutes  and  100  m  from  those  obtained 
with  an  acoustically  tracked  free-fall  profiler  operated  by  personnel  of 
the  Applied  Physics  Laboratory,  Johns  Hopkins  University.  The  primary 
purpose  of  the  experiment  was  to  validate  the  measurements  of  the  XTVP 
probes  against  the  APL/JHU  acoustically  tracked  velocity  profiler's 
measurements  at  depths  greater  than  200  m.  In  addition,  the  performance 
of  the  XTVP's  in  the  upper  200  m  was  examined  under  various  launch 
conditions,  including  distance  from  boat  at  launch.  Tests  were  also 
performed  with  specially  produced  probes  having  shorted  electrodes  or 
preamplifiers  and  special  weight  shapes.  Pressure  measurements  were 
made  with  some  probes  to  determine  the  depth  versus  run-time  relation. 
The  performance  of  the  XTVP  was  also  evaluated  by  comparing  simultaneous 
or  nearly  simultaneous  XTVP  profiles. 
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II.  INSTRUMENTATION 
APL/JHU  Current  Profiler 

For  this  experiment,  the  APL/JHU  velocity  profiler  was  tracked  by 
the  AUTEC  acoustic  range.  From  the  time  series  of  profiler  position, 
the  vertical  velocity  profile  was  determined.  Implicit  in  this  method 
is  the  assumption  that  the  horizontal  length  scales  are  long  compared  to 
100  m.  This  allows  velocity  measurements  at  various  horizontal  posi¬ 
tions  to  be  presented  as  a  vertical  profile  taken  at  one  position. 

The  profiler,  described  in  APL/JHU  document  STD-R-138,  Chapter  IV, 
System  Description,  is  shown  in  Figure  1.  It  consists  of  a  pressure 
vessel  enclosing  a  clock,  electronics,  and  an  AUTEC-supplied  acoustic 
pinger  assembly.  Either  synchronous  or  asynchronous  tracking  for  the 
range  is  acceptable,  but  it  is  important  that  tracking  uncertainties  be 
as  low  as  possible  (<30  cm  on  a  point-to-point  basis).  The  profiler, 
which  weighs  225  pounds  in  air,  is  dropped  into  the  ocean  without  a 
tether,  and  descends  at  approximately  30  cm/s.  Upon  reaching  a  preset 
depth,  a  pressure-actuated  mechanism  releases  a  lead  weight,  and  the 
unit  returns  to  the  surface  at  the  same  rate  of  30  cm/s.  Current  pro¬ 
file  data  are  gathered  on  both  the  descent  and  the  ascent.  Additional 
descriptions  of  the  profiler  can  be  found  in  Wenstrand  (1979)  . 

The  XTVP  Current  Profiler 

The  XTVP  velocity  profiler  [Drever  and  Sanford  (1980)  and  Fig.  2a] 
is  a  ship- launched  expendable  instrument  whose  development  is  based  on  a 
larger,  nonexpendable  instrument  also  developed  by  Sanford,  Drever,  and 
Dunlap  (1978) .  The  probe  takes  a  vertical  profile  of  the  relative  hori¬ 
zontal  velocity  vector  by  measuring  the  voltages  induced  by  the  motion 
of  the  sea  and  the  instrument  through  the  geomagnetic  field.  The  term 
"relative"  is  used  in  the  sense  that  the  measured  velocity  is  offset  by 
an  unknown  constant  velocity. 

The  XTVP  consists  of  a  probe  similar  to  that  of  a  Sippican  XBT,  but 
stretched  an  additional  12  inches.  A  block  diagram  of  the  electronics 
is  given  in  Figure  2b.  The  thermistor  used  is  identical  to  that  in  a 
standard  Sippican  XBT.  A  depth  sensor  is  not  part  of  the  present  design, 
but  depth  sensors  were  installed  on  several  probes  used  in  the  tests 
reported  here. 

Three  signals,  electric  field,  compass  direction,  and  temperature, 
are  sent  via  FM  transmission  to  an  on-boat  receiver  over  a  two-wire, 
balanced  line.  The  received  signal  is  sent  to  an  analog  recorder  and  to 
the  FM  receiver/demodulator  for  recording  and  plotting. 
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Seventy-nine  probes  were  manufactured  for  this  experiment.  Of 
these,  only  45  were  standard  units  of  either  the  model  4's  built  by 
Woods  Hole  Oceanographic  Institution  or  the  Sippi can-made  model  5's. 

The  special  units  were  built  to  investigate  noise  sources  and  vehicle 
fall  characteristics.  For  example,  16  units  of  each  model  transmitted 
pressure  measurements  in  place  of  temperature.  The  pressure  measure¬ 
ments  provide  a  refined  relation  of  fall  rate  versus  elapsed  time.  The 
complete  complement  is  presented  in  Table  1. 


Table  1.  Description  of  the  XTVP's 

by  Type,  Model, 

and  Number 

Type 

Model  4 

Model  5 

Standard  units 

9 

36 

Pressure  measuring 

6 

6 

Pressure  measuring  and 

10°  afterbody  fins 

2 

2 

15°  afterbody  fins 

2 

2 

20°  afterbody  fins 

2 

2 

Blunt  nose  weight 

4 

4 

Shorted  electric  field  amplifier 

3 

3 

24 
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Figure  1.  The  APL/JHU  Acoustically  Tracked  Profiler 
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Figure  2a.  Expendable  Temperature  and  Velocity  Profiler  (XTVP-S) 


Figure  2b.  XTVP  Block  Diagram 
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III.  OPERATIONS 

The  XTY'P  probes  and  supporting  instrumentation  were  installed 
aboard  the  R/V  Cape,  a  vessel  owned  and  operated  by  the  Applied  Physics 
Laboratory,  Johns  Hopkins  University.  Two  standard  Sippican  XBT  launchers 
were  used.  One  was  the  stanchion-mounted,  breech-loaded  launcher  and 
the  other  was  the  hand-held,  plastic  launcher  with  about  100  feet  of  elec¬ 
trical  cable.  The  electronics  were  installed  in  the  laboratory  beneath 
the  main  deck  just  forward  of  the  steering  room.  The  laboratory  was 
linked  to  the  bridge  and  control  personnel  via  internal  voice  units  and 
to  shore  with  a  UHF  radio.  All  drops  except  those  from  the  towed  rubber 
boat  were  made  from  the  vessel's  side. 

The  operational  procedure  was  to  have  the  Cape  directed  to  a  prede¬ 
termined  site  for  the  launch  of  an  APL/JHU  tracked  profiler.  Once  this 
profiler  was  deployed  and  falling,  the  deployment  scheme  for  XTVP  probes 
was  to  have  the  Cape  execute  loops  at  slow  speed  (5  knots)  following 
navigational  instructions  from  the  range  control  center.  As  the  Cape 
neared  the  closest  point  of  approach  to  the  falling  profiler,  an  XTVP 
probe  would  be  released.  The  goal  was  to  release  the  probe  within  100  m 
horizontally  of  the  APL/JHU  profiler.  This  goal  was  achieved  in  32  out 
of  45  intercomparison  drops.  In  no  case  was  the  separation  greater  than 
200  m. 

The  positions  of  the  Cape  and  the  acoustically  tracked  profilers 
are  shown  in  Figures  3a  through  3m  (provided  by  Dr.  David  Wenstrand  of 
APL/JHU) .  Note  that  the  X  and  Y  scales  are  in  yards  and  are  not  equal . 

The  track  of  the  Cape  can  usually  be  distinguished  from  that  of  the 
profiler  by  its  larger  extent  and  more  loop- like  character.  The  hori¬ 
zontal  separation  between  the  ship  and  the  tracked  profiler  at  the  time 
of  XTVP  deployment  cannot  be  easily  determined  from  these  figures  and  is 
listed  in  Table  2. 

A  log  of  the  joint  observations  is  presented  in  Table  2.  The  depth 
and  range  of  the  APL/JHU  profiler  are  given,  based  on  the  computer 
printouts  provided  by  Dr.  Wenstrand.  The  CTD  position  information  was 
provided  by  Mr.  Stephen  A.  Mack.  Cryptic,  but  useful,  comments  are 
provided  about  the  type  of  observation,  the  maximum  depth  or  data  qual¬ 
ity,  etc. 

Position  data  have  been  abstracted  from  the  vessel  and  profiler 
tracking  printout  and  are  presented  in  Table  3.  The  vertical  and  hori¬ 
zontal  separation  information  provided  in  Table  2  was  determined  from 
these  data.  No  correction  has  been  made  for  the  15-yard  separation 
between  the  radar  transponder  or  in-water  acoustic  source  used  to  track 
the  vessel  and  the  launch  position  of  the  XTVP  probes,  except  for  when 
the  probes  were  launched  from  a  rubber  boat  towed  behind  the  vessel.  In 
the  latter  case,  the  vessel/launch  position  difference  is  about  50  yards. 
Since  the  vessel  was  receding  from  the  profiler  for  each  XTVP  deployment, 
this  50  yards  has  been  subtracted  from  the  vessel/profiler  separation  or 
range. 
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IV.  OBSERVATIONS 

The  APL/JHU  velocity  profiles  are  presented  in  Figures  4a  through 
4o  in  which  the  line  for  the  descent  portion  is  about  half  the  width  of 
the  line  for  ascent.  Dr.  Wenstrand  points  out  that  APL/JHU  drops  14  and 
15  contain  several  instances  of  error  caused  when  the  tracking  computer 
switched  between  different  hydrophone  arrays.  This  switching  was  allowed 
because  certain  hydrophone  combinations  yield  better  signal  strengths, 
but  it  produces  small  discontinuities  in  position  determination  and 
spikes  in  computed  velocity.  This  problem  seems  somewhat  more  severe  in 
drop  14,  and  so  drop  15  was  used  for  intercomparison  purposes. 

The  profiles  in  Figures  4a-4o  were  digitized  on  an  HP9874A  digitizer 
coupled  to  an  HP984SS  computer.  The  digitized  versions  of  the  APL/JHU 
profiles  were  plotted  on  an  HP9872A  plotter  and  compared  with  the  origi¬ 
nals.  The  rms  difference  between  the  original  and  digitized  version  was 
less  than  0.2  cm/s. 

The  processing  procedure  followed  in  the  treatment  of  the  XTVP  data 
was  as  follows: 

1.  The  analog  tapes  were  replayed  so  that  all  variables  were 
measured  and  plotted  on  the  analog  plotter.  The  playback 
system  is  depicted  in  Figure  5.  The  analog  plots  consisted  of 
I  (in-phase)  and  Q  (quadrature-phase)  for  electric  field,  and 

I  and  Q  for  compass  coil;  on  the  third  plot,  there  were  graphs 
of  temperature  and  rotation  period. 

2.  The  analog  plots  were  digitized  by  hand  with  the  9874A  digi¬ 
tizer  connected  to  the  9845S  computer.  The  work  was  done 
under  the  control  of  the  program  DIGITZ. 

3.  The  digitized  variables  were  plotted  by  DIGITZ  on  the  9872A 
plotter  with  the  same  scaling  as  the  original  so  that  digi¬ 
tized  and  original  versions  could  be  overlaid  for  comparison 
and  error  detection. 

4.  The  raw  digitized  profiles  were  processed  using  the  calibra¬ 
tion  factors  and  known  corrections  by  program  XPROC.  This 
program  also  deconvolves  the  profile  to  eliminate  the  effect 
of  the  analog  filter  in  the  PAR  129  lock-in  amplifier  (Fig.  5) 
and  filters  to  a  scale  similar  to  that  of  the  APL/JHU  profiles. 

5.  The  final  processed  profiles  were  plotted  by  XPROC  on  the 
9872A  and  stored  in  a  flexible  disk. 

Portions  of  some  profiles  are  missing  due  to  probe  malfunction 
(e.g.,  several  gaps  in  XP170g,  Figure  6c)  or  have  been  deleted  because 
of  interference  from  the  electric  and  magnetic  fields  around  the  research 
vessel.  Since  most  of  the  probes  were  released  from  the  vessel,  the 
uppermost  portion  (about  100  m)  of  the  profile  has  been  deleted. 
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Figure  41.  APL/JIfl)  Drop  ?9:  Profiles  of  Fast  (VEL(X))  and  North  (VEL(Y))  velocity 
components  as  computed  and  plotted  by  D.  Kenstrand.  Thicker  line  is 
as  profiler  ascends. 


DROP  10 


a  id  '  •  a 

o  •  _  (\i 
•  m  m  uo 
o  — •  cn  <x> 

m  O  CM 


00*  08  00*091  DG’OfrZ  00*020  00*00V  00*08*  00*090  00‘0fr9 

(  ’ U  J  Hld^Q 


6L"0nd*90  6C  :  60  :  t  T  '•GlSCJOCiW 


APL/JHU  Drop  #10:  Profiles  of  East  (VEL(X))  and  North  (VEL(Y))  velocity 
components  as  computed  and  plotted  by  D.  Wenstrand.  Thicker  line  is 
as  profiler  ascends. 


Figure  4m.  APL/JIUJ  I)rup  "13:  Profiles  of 
velocity  components  as  computed 
line  is  as  profiler  ascends. 


Figure  4n.  APL/JHU  Drop  #14:  Profiles  of  East  (VEL(X 
velocity  components  as  computed  and  plotter 
Thicker  line  is  as  profiler  ascends. 
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V.  RESULTS  AND  DISCUSSION 

The  purpose  of  this  section  is  to  evaluate  the  performance  of  the 
XTVP  relative  to  the  APL/JHU  profiler.  The  intercomparison  will  be 
performed  in  stages  of  increasingly  finer  examination.  The  first  stage 
is  a  visual  comparison  of  nearly  simultaneous  profiles.  These  data  are 
presented  in  Figures  6a  througli  6g.  There  is  a  high  degree  of  similar¬ 
ity;  even  small-scale  features  are  in  common. 

The  second  stage  of  analysis  is  to  quantify  XTVP  performance  rela¬ 
tive  to  all  appropriate  acoustic  profiles,  regardless  of  the  10-minute 
simultaneity  and  100  m  horizontal  separation  restriction.  The  procedure 
is  to  compute  the  rms  difference  between  profiles  as  a  function  of 
vertical  lag.  This  statistic  is  related  to  a  structure  function 


Rjj  (U,Az)  =  lU.(z) 


U.  (z+Az)]2 


where  Uj  and  Uj  are  the  east  components  of  velocity  of  the  i^h  and 
profiles,  Az  is  the  depth  lag  or  offset,  and  the  overbar  is  an  average 
over  depth  (typically  -100  to  -500  m) .  Similar  expressions  are  used  for 
the  north  component  (V)  and  for  U  and  V  taken  together.  In  the  latter 
case, 


R(U,V,Az)  =  [U.(z)  -  Uj (z+Az) J ' 


+  [V^z)  -  Vj  (z+Az)]~ 


These  statistics  are  computed  for  a  range  of  Az  values,  but  the  value  ol\ 
Az  for  which  R  is  the  minimum  is  of  special  importance.  The  minimum  R1- - 
is  taken  to  be  the  rms  deviation  between  profile  pairs  regardless  of  the 
depth  offset.  Because  a  preliminary  fall  rate  versus  time  relation  was 
used  for  the  XTVP  profiles,  there  are  systematic  depth  offsets  between 
XTVP  and  APL/JIIU  profiles. 


The  minimum  rms  differences  are  presented  in  a  series  ot  arrays  tor 
ail  appropriate  profiles  in  Tables  4a  through  4g. 

For  the  whole  data  set,  the  rms  differences  over  the  span  of  simul¬ 
taneous  data  for  APL/JHU  (down),  APL/.JHU  (up),  and  XTVP  are: 

1.  APLD  vs.  APLU:  7  realizations 

a.  =  1.0  cm/s 
Au 

a.  =0.9  cm/s 
Av 
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2.  XTVP  vs.  XTVP:  27  realizations 

a.  =1.0  cm/s 
Au 

a.  =1.3  cm/s 
Av 

3.  APLD  or  APLU  vs.  XTVP:  44  realizations  (22  vs.  D  and  22  vs.  U 

profi les) 

a.  =1.1  cm/s 
Au 

a,  =  1.5  cm/s. 

Av 

When  comparing  data  from  two  profiles  produced  by  the  same  tech¬ 
nique,  it  seems  reasonable  to  divide  the  errors  equally  between  the  two 
profiles.  Consider  two  variables,  and  U2,  each  having  a  random  noise 
contribution  e.  The  mean  difference,  U1-U2,  is  forced  to  be  zero  (the 
vertical  mean  is  meaningless  in  the  XTVP  method),  and  the  mean  squared 
difference  is 


02  =  (U,  .  C,  -  u2  -  e2)2  =  cf  .  c2  -  2  , 

where  the  overbar  represents  the  vertical  mean. 

If  the  errors  are  uncorrelated  between  profiles,  then 

£2  +  ^2  2^2 
°Au  el  e2 

if  errors  are  equally  distributed  between  profiles. 

Thus,  for  ensemble-averaged  0  values  of  1.0  and  1.5  cm/s  for  east 
and  north  XTVP  differences,  the  appropriate  error  estimate  for  a  single 
profile  would  be  1.0  and  1.3  cm/s  divided  by  /2,  or  0.7  and  0.9  cm/s 
respectively.  Similarly,  the  APL/JHU  random  errors  would  be  0.7  and 
0.6  cm/s. 

Another  test  of  the  APL/JHU  data  is  to  compare  the  profiles  obtained 
with  two  profilers  operated  simultaneously.  There  are  three  examples  of 
these  which  we  examined:  APL/JHU  8  and  9,  10  and  11,  and  12  and  13.  A 
fourth  example  was  14  and  15,  but  there  clearly  are  problems  with  these 
data,  especially  14,  because  the  tracking  computer  was  switching  hydro¬ 
phone  sets  in  an  attempt  to  maximize  signal  strength.  The  rms  differ¬ 
ences  are  shown  in  Table  5.  The  average  for  nearly  simultaneous  pro¬ 
files  is  0.9  cm/s  for  east  and  for  north  components.  Sharing  the  vari¬ 
ance  equally  yields  an  rms  value  of  0.6  cm/s. 
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Wenstrand  (personal  communication)  has  analyzed  the  difference 
between  drops  8  and  9  and  found  0.3  cm/s  for  east  and  0.2  cm/s  for  north 
over  100  to  450  m.  We  find  differences  of  0.6  to  0.8  over  a  slightly 
longer  interval.  The  higher  rms  differences  probably  result  from  errors 
made  in  the  tracing  (digitization)  of  graphs  provided  by  APL/JHU. 

Recent  analyses  by  Sanford  and  D'Asaro  (unpublished)  have  shown 
that  an  error  of  about  1.0  cm/s  rms  exists  in  the  north  velocity  com¬ 
ponent  due  to  tilts  of  the  XTVP  probes.  Thus,  even  if  we  ignore  any 
errors  contributed  by  the  APL/JHU  technique  and  assume  all  differences 
are  due  to  XTVP  errors,  the  1.1  cm/s  rms  difference  in  east  remains 
1.1  cm/s  and  the  1.5  cm/s  rms  difference  in  north  becomes 

VCl-S)2  -  Cl  -  0) 2  =  1.1  cm/s  . 

In  summary,  the  AUTEC  profiles  support  a  random  error  level  of 
about  ±1  cm/s  for  the  XTVP  compared  with  the  APL/JHU  profiler. 
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^ure  6a.  Comparison  of  nearly  simultaneous  velocity  profiles 


Figure  bb.  Comparison  of  nearly  simultaneous  velocity  profiles. 
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Table  4a.  Minimum  values  of  the  square  root  of  the  cross-structure 
function  for  east,  north,  and  east-and-north  velocity 
components  computed  between  -100  and  -340  m  depth.  The 
entries  are  for  east,  north,  and  combined  in  that  order 
reading  downward  in  each  column.  The  units  are  centi¬ 
meters/second.  The  depth  offset  at  minimum  in  meters  is 
shown  in  parentheses,  where  a  positive  value  means  column 
profile  must  be  shifted  down  to  agree  with  row  profile. 


AP4U 

XP160G 

AP4D 

1.5(0) 

0.8(11) 

0.7(2) 

1.4(24) 

1.2(0) 

1.8(18) 

AP4U 

1.5(11) 

1.1(22) 

1.8(18) 

XP160G 


XP161E 


XP162E 


XP161E 

XP162E 

XP163E 

0.9(7) 

1.1(20) 

1.8(13) 

0.8(11) 

0.7(13) 

0.9(13) 

1.3(13) 

1.2(15) 

1.2(15) 

1.1(7) 

1.4(18) 

1.6(13) 

0.9(11) 

0.7(13) 

0.8(11) 

0.8(13) 
0.8(13) 
0.8(13 ) 

0. 9(-4) 

0. 9 (-4) 

0. 9 (-4) 

0.9(0) 

1 • 2 (-9) 

1  •  4  ( -  • 1 ) 

1.4(2) 

0 . 9 ( -9) 
1.6 (-4) 

0.6(4) 

0 . 7  (-4) 

1 • 2 (-2) 

0.9(7) 

0 . 5 (-4) 
1.4(0) 

0.7(4) 

0.7(0) 

0.8(2) 
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Table  4b.  Minimum  values  of  the  square  root  of  the  cross-structure 
function  for  east,  north,  and  east-and-north  velocity 
components  computed  between  -100  and  -450  m  depth.  The 
entries  are  for  east,  north,  and  combined  in  that  order 
reading  downward  in  each  column.  The  units  are  centi¬ 
meters/second.  The  depth  offset  at  minimum  in  meters  is 
shown  in  parentheses,  where  a  positive  value  means  column 
profile  must  be  shifted  down  to  agree  with  row  profile. 


AP5U 

XP165G 

XP166E 

XP 1 68  F. 

AP5D 

0.8(2) 

1.1(2) 

0.9(2) 

0.8(7) 

1.8(29) 

2.0(24) 

1.0(15) 

2.0(20) 

1.6(20) 

1.2(13) 

1.6(15) 

1.4(13) 

AP5U 

0.9(2) 

1.7(24) 

1.9(20) 

0.8(11) 

1.7(18) 

1.4(15) 

0.7(9) 

1.0(11) 

0.9(11) 

XP165G 

1.1(9) 

1.4(-2) 

1.6(0) 

1.2(7) 

1  -  5 (-9) 
1 . 7 (-2) 

0.  9 (-2) 
1  •  6  ( -  4 ) 
1 . 3 (-4) 
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Table  4c.  Minimum  values  of  the  square  root  of  the  cross-structure 
function  for  east,  north,  and  east-and-north  velocity 
components  computed  between  -100  and  -500  m  depth.  The 
entries  are  for  east,  north,  and  combined  in  that  order 
reading  downward  in  each-  column.  The  units  are  centi¬ 
meters/second.  The  depth  offset  at  minimum  in  meters  is 
shown  in  parentheses,  where  a  positive  value  means  column 
profile  must  be  shifted  down  to  agree  with  row  profile. 


AP6U 

XP170G 

XP171E 

XP173E 

XP174E 

AP6D 

0.8(2) 

1.0(2) 

0.8(2) 

0.8(11) 

1.4(15) 

1.3(13) 

0.9(13) 

1.3(20) 

1.1(18) 

1.0(18) 

1.2(20) 

1.1(18) 

1.5(15) 

1.2(18) 

1.4(18) 

AP6U 

0. 9 (  9) 
1.9(13) 
1.5(13) 

0.8(13) 

1.7(18) 

1.4(15) 

1.0(15) 

1.5(18) 

1.2(15) 

1.3(15) 

1.1(15) 

1.2(15) 

XP170G 

0 •  5 (  2) 

0 . 9 (  4) 
0.7(  4) 

0 . 8 (  4) 

1  •  3 (  4) 

1  •  1 (  4) 

1.3(  4) 
1.6(  2) 
1  •  4  (  4) 

XP171E 

0 . 7  (  2) 

1  •  0 (  0) 

0 . 9 (  0) 

1 .  1 (  2) 
1  •  5 (- 2) 
1 . 3  (  0) 

XP175E 

1  •  0  (  0) 
1  ■  2 (  0) 
1  -  1  (  0) 

59 


Table  4d.  Minimum  values  of  the  square  root  of  the  cross-structure 
function  for  east,  north,  and  east-and-north  velocity 
components  computed  between  -100  and  -470  in  depth.  The 
entries  are  for  east,  north,  and  combined  in  that  order 
reading  downward  in  each  column.  The  units  are  centi¬ 
meters/second.  The  depth  offset  at  minimum  in  meters  is 
shown  in  parentheses,  where  a  positive  value  means  column 
profile  must  be  shifted  down  to  agree  with  row  profile. 


AP7U 

XP176G 

AP7D 

0  •  7  (  2) 

0.8(11) 

0 . 7 (  2) 

1.2(20) 

0 . 7 (  2) 

1.3(18) 

AP7U 

0.  9 (  9) 

1.2(18) 

1.5(15) 

XP176G 


XP177G 


XP178E 


XP177G 

XP 17811 

xrroT 

1.4(18) 

1.4(20) 

1.4(20) 

1.3(11) 

0.6(20) 

1.0(15) 

1  .  1  v  1 5  ) 
1.3(18) 
1.2(15) 

1.2(11) 

1.3(20) 

1.4(20) 

1.0(  9) 
0.7(18) 
0.8(13) 

0.7(11) 

1.2(15) 

1.1(15) 

1.2C-11) 

1.0(  7) 

1  -  1 (  7) 

0 . 8 (-7) 

0 . 4 (-2) 
0.7(-2) 

1.0(  2) 
0.8  (-2) 
0.8  (-2  ) 

1 • 3 (-4) 
1.1C-7) 

1 • 2 (-7) 

1 . 2  (  0) 
0.8  (-11: 

1  .  2 (-9) 

0 •  6 (  0) 
0  •  5  ( -  2 ) 
0. 6 (-2) 
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Table  4e.  Minimum  values  of  the  square  root  of  the  cross-structure 
function  for  east,  north,  and  east-and-north  velocity 
components  computed  between  -100  and  -500  m  depth.  The 
entries  are  for  east,  north,  and  combined  in  that  order 
reading  downward  in  each  column.  The  units  are  centi¬ 
meters/second.  The  depth  offset  at  minimum  in  meters  is 
shown  in  parentheses,  where  a  positive  value  means  column 
profile  must  be  shifted  down  to  agree  with  row  profile. 


AP8U 

XP192G 

XP195G 

XP198G 

AP8D 

0.9(2) 

1.9(2) 

1.1(2) 

1.5(20) 

1.8(20) 

1.7(20) 

1.4(15) 

1.7(18) 

1.5(15) 

2.1 (24) 
2.6(26) 
2.4(24) 

AP8U 

2.0(18) 

2.1(15) 

2.1(18) 

1.8(15) 

1.1(13) 

1.5(13) 

1.9(20) 

2.0(22) 

1.9(22) 

XP  192(1 

l.K-2) 

2 . 8 (- 2) 

2  •  1 (-2) 

2.4(4) 

3.6(7) 

3.1(7) 

XP 1 95b 

2.2(9) 

1.9(9) 

2.1(9) 

Si- 


Table  4f.  Minimum  values  of  the  square  root  of  the  cross-structure 
function  for  east,  north,  and  east-and-north  velocity 
components  computed  between  -100  and  -500  m  depth.  The 
entries  are  for  east,  north,  and  combined  in  that  order 
reading  downward  in  each  column.  The  units  are  centi¬ 
meters/second.  The  depth  offset  at  minimum  in  meters  is 
shown  in  parentheses,  where  a  positive  value  means  column 
profile  must  be  shifted  down  to  agree  with  row  profile. 


AP10U 

XP202G 

XP203E 

XP205F. 

AP10D 

0.6(2) 

1.0(2) 

0.8(2) 

0.8(11) 

2.6(15) 

2.0(15) 

1.0(18) 

2.  1  (20) 
1.7(20) 

1.0(20) 
2.1(15) 
1 .7(18) 

AP10U 

1.0(9) 

2.4(15) 

1.9(13) 

.9(15) 

1.8(18) 

1.4(18) 

1.1(18) 
1 .8(15) 
1.5(15) 

XP202G 

.8(7) 

1.1(4) 

1.0(4) 

.8(9) 

1.5(0) 

1.4(0) 

XP203E 

1.0(2) 
1.1  (-4) 
1  •  0 (  -2) 
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I'uble  4g.  Minimum  values  of  the  square  root  of  the  cross-structure 
function  for  east,  north,  and  east-and-north  velocity 
components  computed  between  -100  and  -500  m  depth.  The 
entries  are  for  east,  north,  and  combined  in  that  order 
reading  downward  in  each  column.  The  units  are  centi¬ 
meters/second.  The  depth  offset  at  minimum  in  meters  is 
shown  in  parentheses,  where  a  positive  value  means  column 
profile  must  be  shifted  down  to  agree  with  row  profile. 


AP15U 


XP215E 


API  50 


1.2(0) 

1.2(0) 

1.2(0) 


1.1(13) 

1.4(15) 

1.3(13) 


AP15U 


1.1(13) 

2.0(15) 

1.6(13) 


T*’ 


Table  5.  Minimum  values  of  the  square  root  of  the  cross-structure 
function  for  east  and  north  velocity  components  computed 
between  -100  and  -480  m  depth.  The  entries  are  for  east 
and  north  in  that  order  reading  downward  in  eacli  column. 
The  units  are  centimeters/second.  The  depth  offset  at 
minimum  in  meters  is  shown  in  parentheses,  where  a  posi¬ 
tive  value  means  column  profile  must  be  shifted  down  to 
agree  with  row  profile. 


AP8U 

AP9D 

AP9U 

AP8D 

0  .9(  2) 

0.7(2) 

1  .5(2) 

1.2(2) 

0.6(2) 

1  .4(4) 

AP8U 

1  .3(0) 

0.8(  2) 

1  .(X-2) 

0.6(  2) 

AP9D 

2.0(2) 

1  .3(4) 


API  00 

API  ID 

API  1U 

AP10D 

0.6(  2) 

0.6(0) 

1.1(2) 

1  .0(  2) 

0.5(0) 

1  .1(2) 

AP10U 

rg 

1 

N-/ 

O 

1  .0(0) 

1  .0(-2) 

1  .2(2) 

API  ID 

1  .3(2) 

1.2(2) 


AP12U 

API  3D 

AP13U 

AP12U 

0.8(  2) 

1 -2(  -2) 

1.2(2) 

0.9(2) 

1  .0(-2) 

1  .2(0) 

AP12U 

1.0(-4) 

1  .3(0) 

1  *0(  -4) 

1  *4(  0) 

API  3D 

1  .1(4) 

1.3(4) 
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